ABSTRACT
INTRODUCTION
This paper presents the methodology applied in a research project that studied the global standards of information exchange within the area of power transmission and distribution, allowing for the definition of the state of the art of the theme as well as its application considering technologies already applied by the company AES-Eletropaulo. The specifications needed for the generation of a data integration model, adaptable to radial overhead networks at company concession area were researched and defined in accordance with international patterns for systems interface formatting information in an extensive and connectable way with open technologies, developed, however, in a pioneering manner to meet the needs and the standards of the Brazilian networks. The interface between the corporative systems and the specialized systems of electrical calculation has a cost that may be minimized with the suitable use of strategic integrations. Considering the existence of many corporative systems, the integration criticality and the connectivity between these systems, the definition of specific semantic for the electrical sector was an important goal to be reached by this project. The applied strategy was the definition and application of an interface layer known as CIM -The Common Information Model, created by EPRI -The Electric Power Research Institute and standardized by the IEC -The International Electrotechnical Commission and maintained by The CIMug -CIM Users Group.
WORK PREPARATION
The project developed an intermediary layer for connectivity based on the Common Information Model, widely known as CIM. This model allows the standardized communication among corporative systems, through the use of integrating technologies. It, therefore, enabled modeling all main subjects of an electrical network in an open way, extensible and nonproprietary in a model that contains classes and attributes of such subjects as well as their relationships. The model was developed in accordance to main known initiatives, supported by global standards for the interface between systems, formatting information in an extensive and connectable way with open technologies, developed, however, in a pioneering manner to meet the needs and the standards of the Brazilian networks. Synchronicity and data availability in the integration layer, connectivity bases where electric calculation modules and the Geographic Information System (GIS) were integrated, were analyzed and dealt with differently, enabling reference for the company to extend this technology for other system such as: measurement, billing and other calculation systems. Calculation and planning products were integrated to a defined technological layer, making old extractors obsolete once now the calculation of the input is done by the integration layer. One of the benefits of the extractors is the elimination of additional programming codes that introduces errors in data transfer. It also improves the performance decreasing the costs of integration and interoperability.
The proposed scope for the project is a conceptual proof that may be extended to other applications in the future. For the property systems of the company, it will be necessary to execute an adaptation and a migration, using the experience acquired with the project development.
COMMON DATA MODEL -ASSESSED OPTIONS
There are many options of electrical data models Prague, 8-11 June 2009 Paper 0924
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Paper No 0924 available in the market. However, if it is considered only open and non-proprietary models, there are not so many options available. As part of the R&D project, it was studied the main models available in the market. The choice was made towards the most complete model, which applies the most recent technology and that is becoming the market pattern, assuring stability and continuity for the developments proposed, and contributing towards the future policies of the company. The studied and confronted models were: MultiSpeak from NRECA, PSAD/DSAD from EPRI and CIM from EPRI.
Due to an initiative sponsored by IEEE (Institute of Electrical and Electronic Engineers) in the beginning of 1998,it was formed the Power Systems Analytical Data (PSAD) work group which was aiming to develop a analytical data model for power systems.
On the other hand, due to an initiative also sponsored by IEEE in the same period, the Distribution System Analytical Data (DSAD) work group was aiming to define an analytical data dictionary for power distribution systems based on XML and COM/CORBA technologies for the support and making of data transference. The work developed by DSAD was more promising, due to its concern with the recent software engineering technologies.
In the beginning of 2000, PSAD and DSAD work groups were encapsulated by the IEC TC57 WG14, resulting in the CIM, which covers the transmission, distribution, generation, planning and market. The MultiSpeak was conceived in order to answer the needs of rural electrical cooperatives from the United States, i.e., all of them are small power distribution companies; while the CIM is intended for any kind of company in the electrical sector. The MultiSpeak is focused in system interfaces, while the CIM proposes a wide model, which may be used for the interface or even, interfere in the modeling of the whole system. Both are information models based on object-oriented technology that define classes. For the data exchange and representation, both use technologies that came from XML. Both use XML Schemes to define messages, and both use nouns and verbs for the definition of messages (with different vocabularies between CIM and MultiSpeak). Both of them use GML (A Geography Markup Language) which is the XML grammar defined by the Open Geospatial Consortium (OGC) to express geographical characteristics. The choice was made towards the CIM from EPRI due to the global scale that it is achieving, and due to the amplitude of its model. Another reason that contributed to this choice refers to the availability of its IEC standards. The choice satisfied the project's objectives completely and is becoming an international pattern. The existence of the users group CIMug also contributed on the choice, since it constitutes a discussion forum that has contributed towards the model improvement
CIM: FUNDAMENTALS AND CONTENTS
The CIM is defined through object-oriented modeling techniques. The model specifications are developed using UML. These specifications divide the model into packages. Each one of these packages is composed by a set of classes, relationships, class diagrams, and many other packages. It will be briefly described each one of these packages that are used to compose the CIM.
A. IEC 61968 Standards Set
The 
B. IEC 61970 Standards Set
The IEC 61970 Standards Set was developed by the IEC's IT Technical Committee for Power Systems (IEC TC57), Work Group 13: Energy management system application program interface (EMS -API) (WG13). The standard set is also maintained/revised by the same Committee. The IEC 61970 Standards Set is composed by eight standards nowadays, which defined the specifications for the interface patterns for the application used by the electrical sector. Considering the organizational terms of the data model, these standards are organized into ten class packages: Core; Domain; LoadModel; Meas; Outage; Topology; Wires; Generation; SCADA; Protection.
DESIGN OF THE COMMON DATA MODEL LAYER
Due to the choice towards the GIS model, the next task was to achieve its correlation with the systems from the initial scope of the project. So, they were transformed into electrical calculation applications and planning applications, both compatible with the CIM semantic. It was studied and implemented the data synchronicity in the integrating layer with the GIS data, through Prague, 8-11 June 2009 Paper 0924
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A. Infra-structure
It was considered service oriented architecture (SOA) for the solution developed during the R&D project. This solution represents an architecture style, which the main principle refers to the fact that the features implemented by the applications should be available through services. Frequently these services are organized on an Enterprise Service Bus, which enables interfaces through web services or any other communication form among applications. The SOA architecture is based on distributed computation principles and uses the request/replay paradigm to establish the communication between the client systems and the systems that actually implement the services. Besides the technical perspective, the service oriented architecture is also related with "good practice" policies, which try to generate facilitators towards the task of finding, defining and managing the services available. Thanks to the agility that it provides towards the new service implementation and reuse of the existing assets, the SOA is also inserted in a re-organization process of the information technology departments, allowing a better relationship among the areas that provide technological support for the companies or even for any other areas responsible for the business.
B. Adopted Solution
For the solution adopted during the R&D project, it was created a main exchange layer named Electrical Calculation Bus, which allows the systems to share the same semantic. Within the infra-structure of the adopted architecture, which is based on SOA, the Electrical Calculation Bus represents a middleware that enables the systems communications, i.e., an Enterprise Service Bus (ESB). This bus is the central element for the implemented solution, so, it receives the data requirements of the other customer systems, identifies the suitable providers and works as an intermediary between the communications of the customers with suppliers. Due to the orientation of SOA, there is a communication layer based on Web Services. The specific connectors of each system represent the architecture element that enables the communications of the systems with the CIM Bus. It also represents a communication layer based on Web Services. The assumptions adopted for the implementation were: a) In the calculation Bus there is only the traffic of electrical information properly formatted into XML-CIM; b)
The responsibility towards the information is given to the connectors; c)
The responsibility towards the data consistency is from the Calculation Bus.
C. Processes Flow
It is defined that the Customer System represents the system which requires the information and/or service, and the Provider System represents the system that provides the information and/or service. It is import to highlight that the same system may play the roles of customer and provider in different moments. Prague, 8-11 June 2009 Paper 0924
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So, the customer system requires information regarding electrical calculation, topological data, consumption data, or any other records. This requirement occurs indirectly, since the system communicates with its specific connector and not with the Bus. Each connector executes semantic transformations and forwards the data to the Calculation Bus or to the specific system which is connected to. The CIM connector will receive the data and/or the requisitions from the customer system, and will also send them to the Bus. The travelling data through the Calculation Bus are formatted into XML-CIM. The Calculation Bus is the responsible for consisting all the data received in the XML-CIM semantic, and it is also responsible for identifying which system actually required the data, acting as an intermediary between the provider and the customer of the information (mechanism known as binding).
The information Provider System receives the information requisition, processes this requisition and, then, returns a response package with the required information. Figure 1 illustrates the solution adopted, highlighting the details involved in the Processes Flow. In Figure 1 , it is possible to identify the involved systems and the role of each one. It is also possible to notice that the Customer role System (the one that consumes or requires the result of a service provided by a provider) and the Provider System role (the one that executes the service, answering a customer requisition) may be changed according to the situation. Therefore, the CIM Calculation Bus (Middleware) is the system that relates the provider services with the customer dynamically, verifying the data according to CIM-XML semantic, and also identifying the system that required the data, acting as an intermediary between the provider and the customer of the information.
